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Highlights 
 We confirm reduced feed intake in sheep in ammonia typical of live export 
 Chewing rates during eating and rumination declined and respiratory rate increased 
 Regurgitation during rumination was retarded and yawning decreased 
 Concentration of faecal corticosterone metabolites was increased after 5 days 
 Results suggest ammonia caused stress and irritation of the buccal cavity  
 
Abstract 
Ammonia accumulates in livestock accommodation, which inflames mucosal tissue to cause 
coughing, sneezing and lacrimation and adversely affects feed intake. We aimed to find out why feed 
intake is reduced for sheep in ammonia conditions typical of live export by measuring nutritional 
behaviour and stress levels. Twelve sheep were randomly allocated to Ammonia or Control treatments 
AC
CE
PT
ED
 M
AN
US
CR
IPT
2 
 
in a changeover design with three 2-week periods. Ammonia exposure reduced feed intake (P = 
0.005) and defecation time (P = 0.05) and slowed the rates of eating hay (P = 0.007), masticating 
alfalfa pellets (P = 0.00) and rumination chewing (P = 0.01). It also lengthened the pauses between 
swallowing and regurgitation during rumination (P = 0.002), increased faecal corticosterone 
metabolites concentration on day 6 (P = 0.04), increased respiratory rate (P = 0.00), and reduced 
yawning (P = 0.02). The increase in faecal corticosterone metabolites concentration in ammonia 
exposed sheep was not correlated with the reduction in feed intake. The results suggest that although 
sheep exposed to ammonia typical of a live export shipment are stressed, this is not the reason for 
reduction in feed intake. They may have an irritation in the buccal cavity which retards nutritional 
behaviour, and causes shallow rapid breathing to minimise irritation to the lungs.  
 
Keywords: ammonia, behaviour, feed intake, live export, physiology, sheep 
 
1. Introduction  
 
As the largest live exporter, Australia exported 1.76 million live sheep in 2016, mainly to the Middle 
East (DAFF, 2017). The normal causes of death are not well documented, but in the early years of live 
export 43% were attributed to inanition (Richards et al., 1989). As a key indicator of animal welfare 
on ships (Pines et al., 2007), ammonia (NH3) is believed to contribute to this disorder because its 
accumulation in sheep pens decreases feed intake and body weight gain (Phillips et al., 2012a). 
However, little is known about the mechanisms underlying its effects on sheep.  
 
Farm livestock demonstrate avoidance behaviour in response to NH3 exposure, which is believed to 
be due to the pungent and suffocating odour (Jones et al., 1996; Wathes et al., 2002; Phillips et al., 
2012b). The odour could arouse an emotional response through an impact on cognition and emotion 
(Kadohisa, 2013), which may be measurable by animals’ responses to the ambiguous cues in the 
cognitive bias (CB) test (Paul et al., 2005; Mendl et al., 2009). However, little research has 
investigated the impact of NH3 exposure on the affective states of farm livestock, particularly sheep.   
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Another reason for reduced feed intake could be an impact on digestive efficiency. Chewing activities 
during eating and rumination play a crucial role in the ingestion and digestion of feed by contributing 
approximately 80% of the reduction in the feed particle size in ruminants (McLeod and Minson, 1988; 
Beauchemin, 1991). As a water-soluble irritant gas, mucosal irritation following NH3 exposure has 
been extensively documented in pigs and poultry (Jones and Webster, 1998; Kristensen and Wathes, 
2000), as well as in exported livestock (Phillips et al., 2010, 2012a; Pines and Phillips, 2013). Nasal 
discharge in exported livestock (Phillips et al., 2010, 2012a) may lead to open mouth breathing to 
provide a wide airway with minimal resistance to air flow, which mimics a response to allergies, such 
as in humans (McLean, et al., 1979; Badhwar and Druce, 1992). This may increase NH3 dissolved 
into saliva, which is secreted in large volumes during the chewing process in ruminants (Bailey, 
1961). This may cause mucosal irritation in the buccal cavity, especially the mucosal surfaces 
covering the jaw bones (Larato, 1975), which would affect chewing efficiency. On the other hand, 
since flavour is perceived mainly by integrating smell and taste senses coming from the nose and 
mouth during the eating process (Boesveldt, 2017), NH3 could mask the taste of food (Arnold et al., 
1980), reducing its palatability. However, little is known about the effects of NH3 exposure on 
nutritional behaviour in sheep. 
 
In addition, exposure to aversive situations not only causes alterations in animals’ behaviour, it also 
activates the hypothalamic–pituitary–adrenal axis to increase metabolic rate and energy utilisation, 
especially when the environmental stimuli challenge the body energy balance, such as in reduced food 
intake (reviewed in Mormède et al., 2007). Thus, this study was aimed to use a multidisciplinary 
approach to confirm effects of NH3 exposure on sheep feed intake and identify whether NH3 affects 
nutritional behaviour, stress levels and the emotional state of sheep.  
 
2. Materials and methods 
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The study was conducted in the Queensland Animal Science Precinct, The University of Queensland, 
Australia (27.3◦S, 152.2◦E). Approval for this research was obtained from the University’s Production 
and Companion Animals Ethics Committee (CAWE/242/14). 
 
2.1. Animals, housing and feed management 
 
2.1.1. Habituation period  
 
Fourteen Merino cross ewe lambs (4 months old, mean body weight (BW) 16.6 ± SD 2.4 kg) were 
purchased from a commercial property in Gatton, Queensland. Prior to the commencement of CB 
training and the formal trial, sheep were kept in a small paddock for 2 months. During this habituation 
period, ad libitum access to water and alfalfa chaff were provided. Meanwhile, sheep were gradually 
introduced to pelleted sheep nuts (mean length 1.5 ± 0.5 cm and diam. 0.9 ± 0.1 cm; Riverina 
Stockfeeds Pty. Ltd., Gatton, Australia), which were used for daily feeding in the formal trial. 
 
Timeline of the experimental procedures is presented in Fig. 1. In order to obtain a valid 
representation of the NH3 impact alone on sheep, this study minimized external stimuli that would 
adversely influence the testing procedure. In the first month, sheep were habituated to the potential 
stressors including the change of feed, new research facility, the researchers’ presence, separation 
from the group, human handling and collection of faecal samples. To reduce the fear of humans, 
researchers walked quietly in the paddock and offered feed by hand for 30 min every 4 h daily for 14 
days.  
 
In the second month, CB training was conducted in a hexagonal facility, with six identical rooms (Fig. 
2). After successful habituation to the facility, two of the original fourteen sheep were excluded from 
the study (one because of parasite problems, the other because of a nervous disposition), leaving 
twelve sheep which were allocated to 6 pairs of similar BW (mean 24.5 ± SD 1.7 kg). Randomly, one 
of each pair was allocated to Group A and the other Group B, both going through a series of Control 
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and NH3 treatments. Two waiting and testing rooms were randomly allocated to each treatment group 
of sheep for the entirety of the study.   
 
Each sheep waited in the start pen in the waiting room before training, and then entered into the 
testing room through a roller door. During the first 3 days, sheep were habituated to the facility by 
entering in pairs and receiving 30 g feed reward (sheep nuts) scattered on the floor in the centre of the 
room. During the following 4 days, sheep entered individually and received 15 g feed reward 
scattered on the floor and the other 15 g in a bucket placed in the centre of the room. The number of 
entries was increased from one to five consecutive entries by the 3rd day.  
 
2.1.2. Cognitive bias training  
 
After the first week, sheep within group were randomly assigned either left (n = 3) or right (n = 3) 
corners of the facility for positive training, to prevent the potential influence of side biases. Positive 
training sessions were performed five consecutive times daily for each sheep, by allowing the sheep to 
approach the feed bucket placed in the allocated corner and eat 15 g sheep nuts, without a time limit. 
 
After 1-week positive training, negative training sessions were incorporated by splitting the five 
sessions into three positive and two negative. A pseudo-random order was used to ensure no more 
than two negative or positive events were consecutive. In each session, the first 4 sessions were 
randomly assigned to positive or negative, but the fifth was always positive to prevent a negative 
feeling after the final test, which might make subsequent training difficult.  
 
Negative training allowed the sheep to approach an empty feed bucket placed in the corner opposite 
the positive location (P), with a time limit of 25 s. A 30 cm radius was measured out and marked 
around all bucket positions beforehand. Concurrent with a sheep’s entry into the circle, a dog barking 
soundtrack (Id Number 10685628, Sounddogs, 2018) was played as the only negative reinforcement 
in the first week of negative training through a wireless speaker (Punch Box Bluetooth Speaker, 
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Xoopar, China) hidden in the bucket. Then, in order to strengthen the negative reinforcement, at the 
same time water was shot at the sheep’s body from a 100 ml syringe operated by an experimenter 
hidden behind the panel at the negative location (N) as an additional negative reinforcer. The negative 
reinforcers continued until the sheep retreated. P and N were equidistant (3 m) from the start pen. The 
training with both negative reinforcers lasted for 5 days. Sheep were classified as trained only if they 
only approached the positive location (100%) and no negative locations (0%) for three consecutive 
blocks of training sessions (Doyle et al., 2010). The twelve sheep in this study were not trained 
successfully until the last 5 days with both negative reinforcers. 
 
After each entry, the sheep was returned to the start pen to wait for a 2-min interval, while the 
experimenter prepared the bucket for the next session. To ensure the choice made by sheep was not 
due to behavioural, audible or olfactory cues, but the result of learning the paradigm, the preparation 
for a negative session included the experimenter pretending to prepare the bucket by filling it with 30 
g feed in the same way as for a positive session and subsequently removing the sheep nuts quietly. 
Then the experimenter walked between two locations (P and N) 5-7 times, as for positive sessions. 
After each block of five training sessions, the sheep was released back to the holding room. When the 
six sheep in each group had all completed their training, they were released back to the paddock.  
 
During the CB training and testing, two video cameras (model 287 K-32HCF, Kobi CCD, Ashmore, 
Australia) were installed on opposite sides of the testing room (Fig. 2). The images of training and 
testing were recorded by a digital video recorder (Kobi H.266, Model XQ-L 900H, Ashmore, QLD, 
Australia). A steel panel frame covered with black PVC was fixed behind the five bucket locations. 
One experimenter was responsible for shooting the water, and in the testing room, the other 
experimenter operated the roller door, put the sheep in the start pen, prepared the buckets, and 
controlled the dog barking sound with cell phone. All sheep had been habituated to being handled by 
the experimenters in the waiting and holding rooms prior to the start of the CB testing. 
 
2.1.3. Animal management in the trial period 
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The experiment was a changeover design conducted for 3 periods of 14 days in two climate-controlled 
rooms (each 9.5 m long, 4.8 m wide, 3 m high). Sheep were individually exposed to the NH3 and 
Control treatments in the following sequences, Group A: NH3 treatment, Control, and NH3 treatment; 
Group B: Control, NH3 treatment, and Control. Each group of sheep were randomly allocated to six 
individual pens (2.7 m × 1.3 m) in one room. Two feed bins and a water bucket were provided in each 
pen, occupying 0.24 m2 of the available pen space. Each room was lit on a 12:12 L:D schedule, but 
with a minimum lighting in the dark, for safety.  
 
Each sheep was offered 400 g of the same concentrate pellets as used in the habituation period and ad 
libitum access to a 50:50 mixed hay of Rhodes grass (Chloris gayana) and alfalfa (Medicago sativa), 
which was predicted to meet the energy requirements for the maintenance and BW gain of 250 g/day 
(Aldermann et al., 1975). Daily hay intake was evaluated by weighing the feed provided and refusals 
of each sheep. Feed refusals were weighed at 08:30 h prior to room cleaning, and 10% more than the 
feed intake of the previous day was given to each sheep. Daily hay DMI was calculated from the daily 
hay intake and the DM content of hay samples. The DMI in the last 2 days of each period was not 
included for analysis due to the feed deprivation before the CB test. Representative samples of offered 
feed and refusals were collected on day 1, 8, 12 and pooled periodically and frozen at - 20 °C until 
chemical analysis. Samples of all feeds utilized in the experiment were analyzed for nutrient 
concentrations (Table 1, Feed Central Pty. Ltd, Toowoomba, Australia). Access to water was ad 
libitum and daily intake estimated by weighing the water in the bucket before and after daily refilling.  
 
2.2. Micro-climatic measurements 
 
A physiologically-validated maximum NH3 concentration of 21 mg/m3 proposed for live steer export 
(Phillips et al., 2010) was used as the target NH3 concentration in this study, with supporting evidence 
from previous NH3 research on sheep export (Phillips et al., 2012a). To achieve 21 mg/m3 of NH3 
treatment, 350 ml of domestic cloudy ammonia (20 g NH3/L, Coles Home Brand, Australia) was 
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evenly sprayed on the walkways beside the pens with a 100 ml syringe every morning after room 
cleaning. In addition, at two locations in the walkway, cloudy ammonia stored in a drip bottle and 
dripped through an infusion set at 1 drop/s into a bucket (0.30 m diam., 0.38 m high). Two fans were 
used near the buckets to enable the NH3 released to be evenly distributed in the room, but avoiding 
directing wind onto the sheep. A gas detector (GasAlertMicro 5 IR, Thermo Fisher Scientific, 
Brisbane, Australia) was used 4 times/day (08:00, 09:30, 12:00 and 17:00 h) to measure NH3 
concentration at sheep height. The dripping rate of cloudy ammonia was adjusted and extra cloudy 
ammonia was sprayed whenever necessary according to the NH3 level monitored in the sheep pens. 
NH3 in the Control room was controlled below 4 mg/m3, and ventilated to the atmosphere as 
necessary.   
 
In each climatic room, two data-logging devices (HOBO UX100-011 Temp/RH 2.5%; Onset 
Computer Corporation; Bourne, MA, USA) were used for four recordings of temperature (T) and 
relative humidity (RH)/d at sheep height. T and RH inside the rooms were controlled by the 
ventilation system, which was operated just at 08:30 h - 09:30, 23:00 - 23:15, and 04:00 - 04:15 h, to 
prevent excessive NH3 liberation to the atmosphere. Wind speed was measured as 0.04 m/sec in each 
pen in the NH3 and Control treatments.  
 
2.3. Behaviour recording  
 
Sheep behaviour was video recorded continuously for a 48-h period on days 7 and 8 in each period. 
Same video cameras as used in the CB training were set to cover pairs of adjacent pens. On the same 
days, ruminating behaviour was manually observed as the chewing rate and duration of the pause 
between swallowing and regurgitation for 10 periods of 60 sec between 14:00 and 19:00 h by an 
experimenter, who entered the room and sat quietly 10 min before recording to allow sheep to adjust 
to the human presence. Cowlog 3.0.2 software (Hänninen and Pastell, 2009) was used to code 
behaviours (Table 2). Hay eating rate and eating rates in different head positions were calculated as 
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daily DMI for each sheep/relevant eating duration. Rumination chewing rate was calculated as 
ruminating chews/rumination time.  
 
2.4. Feed palatability test 
 
A 6-min feed palatability test (Rapisarda et al., 2012) was conducted on days 10 and 11 of each trial 
period. Starting at 09:30 h, simultaneously in the two treatment rooms sheep were tested successively 
in each pen, with behaviour videorecorded by same video cameras as used in the CB training. Two 
feeds were separately offered, one of high quality (400 g alfalfa pellets, mean length 1.1 ± 0.2 cm and 
diam. 0.5 ± 0.04 cm; Lockyer Alfalfa Products Pty. Ltd., Gatton, Australia) and one of low quality 
(200 g sorghum chaff, chopped into 1-3 cm lengths). On the two test days no daily allowance of 
concentrate feed was provided. On day 1 alfalfa pellets were tested first and sorghum chaff second, on 
day 2 the reverse order was used. Representative samples of offered feed were collected and pooled 
periodically and frozen at - 20 °C until chemical analysis. Eating duration, masticating and prehension 
rates were recorded for alfalfa pellets. For sorghum chaff, only eating duration and masticating rate 
were recorded due to a lack of clear video footage. Cowlog 3.0.2 software was used to code the eating 
behaviours. Three 10-sec video clips, when the sheep was eating with its head down, were sampled 
every 2 min to calculate the number of manipulative jaw movements (prehension bites) and a separate 
set of video clips when the sheep was chewing with its head raised was used to calculate the number 
of chewing jaw movements (mastication bites).  
 
2.5. Physiological measurements   
 
Owing to the fact that stress plays a key role in the exhibition of sheep behaviour, 
glucocorticoid measurement was conducted in the first 6 days to minimize the potential 
influence of external stimuli on sheep behaviour, including sheep handling and manual faeces 
collection. Taking into account the lag time of faecal glucocorticoid metabolites excretion, 
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the measurements on days 3 and 6 were considered to reflect sheep responses to more 
immediate and longer term stress, respectively.  
 
On days 3 and 6 in each period, faecal samples were collected manually per rectum into a zip-lock 
plastic bag between 08:30 and 09:30 h, for the detection of cortisol and corticosterone metabolite 
concentrations. Faecal samples collected were immediately stored in an ice box, and then frozen at -
20℃ until analysis. Prior to the extraction, faecal samples were thawed and homogenized by thorough 
mixing within the bags. Then, samples were moved onto a spot plate with labels and placed in an 
oven at 65° C for 24 h to complete the desiccation process. A 0.5 ± 0.01 g dry subsample was 
weighed into a glass scintillation vial and 5 ml of 80% methanol added. The mixture was vortexed 
until homogenised, and left overnight on a rotating shaker, prior to centrifugation at 1000g for 10 min 
at 18 ℃.  The supernatant was decanted into labelled extract storage vials and stored frozen (- 20 °C) 
prior to analysis.  
 
Faecal cortisol and corticosterone metabolites (FCM and FCSM, respectively) concentrations were 
determined using EIA procedures (Palme and Mostl, 1997; Keeley et al., 2012, respectively). There 
were minor modifications for FCSM assay: in addition to the goat anti-rabbit globulin (Arbor Assays, 
USA; A009) used to pre-coat the microtire plates, the assay used corticosterone antibody (stock 
dilution: 1:200; dilution rate: 1:120,000; C Munro, UC Davis, CA, USA), corticosterone horseradish 
peroxidase conjugated label (stock dilution: 1:200; dilution rate: 1:250,000; C Munro, UC Davis, CA, 
USA), and corticosterone standards (0.1 - 50 ng/ml; Steraloids, USA, Product #Q1550-000). Major 
cross-reactivities (>5%) for the antibody were corticosterone 100% and deoxycorticosterone 14.3%. A 
serial dilution of pooled faecal samples demonstrated parallelism with the standard curve. The 
dilution rate for faecal samples (1:10) was based on the dilution ratio of pooled samples with 50% 
binding on the parallelism curve. Faecal samples were analysed in duplicate and the assay sensitivity 
was 0.1 ng/ml. Plates were read at 450 nm (reference filter: 630 nm) using a microplate 
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spectrophotometer reader (Epoch, Winooski, VT, USA) with Gen5 software (Biotek, USA). The 
intra- and inter-assay CV for corticosterone assay were 2.84 % and 2.83 %, respectively.  
 
Respiration rates (RR) were manually recorded as the time taken for 10 breaths (using a stopwatch 
and counting uninterrupted flank movements) at 17:00 h each day except those days for general 
behaviour recording. Rectal temperature (RT) was measured using a digital thermometer (S+M; 
Tollot Pty Ltd, Blacktown, NSW, Australia) between 08:30 and 09:30 h on days 3, 6 and 11 to test for 
pyrexia as NH3 is known to cause an inflammatory response in mucosal surfaces (Phillips et al., 2010, 
2012a; Pines and Phillips, 2013).  
 
2.6. Cognitive bias test 
Sheep were subjected to two cognitive bias tests, which measure affective state, on day 14 of each 
period and day 1 of the following period. After the CB test on the second day, Ammonia and Control 
treatments were switched to start the following trial period. Two adjacent rooms (waiting and testing) 
in the hexagon were allocated at random to Group A and Group B. Prior to testing of the Group 
receiving NH3 in each period, NH3 concentrations in the holding, waiting and testing rooms were 
elevated to 21 mg/m3 for CB training and testing. To achieve this, 150 ml of cloudy ammonia was 
initially evenly sprayed on the floor with a 100ml syringe. Urine and faeces in the holding room 
enabled the NH3 level to be held at 21 mg/m3 without further applications, but in the waiting and 
testing rooms extra dosage (20 ml) were added as necessary following measurement every 15 min at 
sheep height. Sheep were feed-deprived before CB testing. Any feed rewards given during test 
procedures were included in their daily rations.  
 
Prior to the tests in each period, sheep were retrained 3 times to ensure the task was remembered. On 
each testing day, approach latency responses of the sheep were tested with the bucket located at two 
learnt locations (P and N) and three ambiguous locations between them: 0.5 m (an ambiguous, 
partially positive location, AP), 1.0 m (a middle location, M) and 1.5 m (an ambiguous, partially 
negative location, AN) far from the positive location, respectively. Five locations were presented in a 
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randomly generated order, which was consistently used for all the sheep tested that day. Initially, the 
buckets were presented at first the positive and second the negative locations to remind the sheep of 
the task learnt previously. Then three ambiguous locations were presented in the order: AP→AN→M 
on day 14 and M→AP→AN on day 1 of the following period. A time limit of 25 sec was set for 
sheep to respond to each location, and their response was videorecorded. After each test sheep was 
returned to the start pen. When an entire group of sheep had finished their tests, they were returned to 
the treatment room. The order of sheep groups during the 2 days of tests in each period was 
counterbalanced to avoid feed deprivation length bias.  
 
The mean approach latency in s to each location (P, AP, M, AN, N) in each period was measured for 
each sheep, and responses to the AP and M test locations analysed, since no sheep approached the AN 
bucket location. The difference in approach latency to the ambiguous locations could be due to the 
intrinsic differences between sheep, so we adjusted each sheep’s latency to each ambiguous location 
by taking into account its mean ‘baseline’ latency to reach the P and N locations following the Eq. of 
Mendl et al. (2010): 
 
Adjusted score =  (mean latency to test location – mean latency to P location)  x 100 
       (mean latency to N location – mean latency to P location) 
 
2.7. Statistical analysis 
 
Statistical analysis was carried out in Minitab software (Version 17.0; Minitab Inc, State College PA, 
USA). General linear models of the data were created for analysis of variance. For each measurement, 
the mean value of each period was calculated for each sheep. The linear components of the model 
contained fixed term (treatment) and random factors (period and sheep). A normal distribution of 
residuals was verified with the Anderson-Darling test. Optimal Box-Cox transformations were 
necessary as a non-normality adjustment of the initial data for head-down eating rate (lambda (λ) = -
1), head-level eating rate (λ = 0), pawing (λ = 0), and FCM concentration on d 3 (λ = -0.5). We added 
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1 to each data value before Optimal Box-Cox transformation for body (λ = 0.25) and head rubbing (λ 
= 0.21). Least squares means were used for comparison. Results were considered significant at 5% 
probability level. Pearson correlations were used to compare physiological and cognitive bias 
variables by the Anderson-Darling test as long as the data was normally distributed, otherwise a 
Spearman rank correlation was used.  
 
3. Results  
 
3.1. Micro-climatic conditions measurements 
 
When the NH3 treatment was applied, mean NH3 concentration was 20.88 mg/m3, close to the target 
of 21 mg/m3 (30 ppm), with the Control treatment was close to zero (1 mg/m3) (Table 3). Mean T and 
RH were slightly higher in the NH3 treatment than the Control treatment.  
 
3.2. Feed and water consumption, and general behaviour 
 
NH3 exposure decreased daily hay DMI (P = 0.002) from day 4 until day 12 (Table 4, Fig. 3), with an 
increased total eating time (P = 0.02) and decreased hay eating rate (P = 0.01). Specifically speaking, 
NH3 treatment increased eating rate with the head down (P = 0.01) with more time spent absolutely or 
proportionately (P = 0.01 and 0.03, respectively). No differences were found in eating rate or time 
with the head level or up (P = rate, level 0.67, time, level 0.64, rate, up 0.47, and time, up 0.93, 
respectively), but sheep spent proportionately less time with their heads level or up (P = 0.04 and 
0.03, respectively). Moreover, sheep exposed to NH3 reduced their eating time while walking, as a % 
of total eating time (P = 0.04), with a trend of increased proportion of eating time that they were 
standing (P = 0.06). NH3 exposure had no influence on water intake (P = 0.71) or total drinking time 
(P = 0.93). 
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Besides feeding, NH3 treatment decreased both the number of ruminating chews (P = 0.01) and 
rumination chewing rate (P = 0.01), but increased the pause between boluses, compared to those in 
the Control treatment (P = 0.002). Sheep exposed to NH3 also demonstrated a trend towards a 
decreased time spent ruminating (P = 0.06). 
 
NH3 treatment increased the time sheep spent standing (P = 0.03), but had no effect on total walking 
or lying time (P = 0.72 and 0.21, respectively). In addition, NH3 treatment resulted in a higher 
proportion of idling that was spent lying (P = 0.01). NH3 exposure reduced daily defecating time (P = 
0.05), but had no effect on urinating time (P = 0.40). No treatment effects were found on time spent 
scratching (P = 0.79) or body rubbing (P = 0.23), or pawing frequency (P = 0.75), however, head 
rubbing was reduced in the NH3 treatment (P = 0.05). Sheep exposed to NH3 had approximately half 
the frequency of yawning compared to those in the Control treatment (P = 0.02).  
 
3.3. Feed palatability test 
 
NH3 treatment decreased masticating rate of alfalfa pellets (P = 0.00), with no effect on the 
prehension biting rate and eating duration of alfalfa pellets (P = 0.87 and 0.73, respectively; Table 5). 
NH3 treatment had no effect on the masticating rate or eating duration of sorghum chaff (P = 0.47 and 
0.68, respectively).  
 
3.4. Physiological measurements 
 
There was no effect of NH3 on FCM levels on either day 3 or 6 (P = 0.22; P = 0.65), or FCSM level 
on day 3 (P = 0.13) but on day 6 FCSM levels were higher in sheep exposed to NH3 (P = 0.04) (Table 
6). In NH3 exposed sheep there was no correlation between FCSM on day 6 and DMI (Pearson CC = 
0.005, P = 0.99), but in the Control treatment there was (Pearson CC = -0.54, P = 0.03). Respiratory 
rate of sheep exposed to NH3 was increased compared to the Control group (P = 0.00), but RT was not 
affected by NH3 treatment (P = 0.25). Within the NH3 treatment, RR was positively correlated with 
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FCM level on day 3 (Spearman Rank CC 0.52, P = 0.03), but not in the Control treatment (Spearman 
Rank CC 0.23, P = 0.36). 
 
3.5. Cognitive bias test 
 
NH3 treatment had no effect on the cognitive response to either AP (P = 0.81) or M (P = 0.46) 
ambiguous locations in this study compared to those in Control group (Table 7). Within the NH3 
treatment, sheep with high FCSM on day 6 were faster in making the decision to approach the M 
ambiguous location (Spearman CC -0.60, P = 0.01), but not in the Control treatment (Spearman CC 
0.37, P = 0.16). 
 
4. Discussion 
 
NH3 concentration in the NH3 treatment was close to the target of 21 mg/m3. The lower temperature 
and RH in the Control treatment was probably related to the additional ventilation to control the NH3 
level below 4 mg/m3. Although the experiment was a changeover design conducted for 3 periods, 
earlier investigation of the avoidance of ammonia by sheep demonstrated that there are no carryover 
effects for prior ammonia exposure of sheep, at about 30 ppm (Phillips et al., 2012b). 
 
4.1. Ammonia exposure and chewing efficiency during eating 
 
Reduction of daily hay DMI and no effect on water intake in sheep exposed to NH3 is consistent with 
previous research (Phillips et al., 2012a). The decreased hay DMI was associated with an increased 
eating time and therefore the hay eating rate decreased by about one third. This could be due to 
reduced palatability, but palatability does not usually cause intake modification if no choice among 
feeds is offered to the sheep (Mertens, 1994), and only hay was fed ad libitum in this study. 
Therefore, reduced chewing efficiency during eating could be the reason for reduced intake. Jaw 
movements during eating include gathering hay into the mouth without chewing (prehension), 
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chewing the hay (mastication), and combined gathering and chewing (prehension/mastication) 
(Penning et al., 1984). Sheep manipulating new bites or with existing feed in their mouths mainly 
have bouts of a few chews (short sequences) with their heads down, but also bouts of 5+ chews (long 
sequences) with their heads lifted (Laca et al., 1994). The increased proportion of time NH3 sheep 
spent eating with their heads down and therefore the decreased eating rate may reflect an increase in 
the number of short chewing bouts. Conversely the reduced proportion of time NH3 sheep spent 
eating with their heads level or up may have decreased the number of long chewing bouts. Any 
irritation in the buccal cavity resulted from NH3 exposure may have mitigated against long bouts of 
chewing if this caused pain. Further support for this theory comes from the results of the feed 
palatability test. The reduced mastication rate of alfalfa pellets for sheep in the NH3 treatment is likely 
to have been of long chewing bouts, since the videos for this measure were recorded when sheep were 
chewing with their heads raised. Although the decreased hay eating rate with the head down could be 
due to a reduced prehension biting rate, this was unlikely. First, NH3 had no effect on prehension 
biting rate of alfalfa pellets, although this could not be measured for hay. Second, prehension is more 
important for grazing sheep and the hay used in this study was already harvested and chaffed. Third, 
sheep perform gathering hay motions only with their teeth, lips and head, without using the tongue as 
a prehension organ (Laca et al., 1992; Woodward, 1998). This means prehension activity might be 
less affected by mucosal irritation in the buccal cavity with NH3 exposure. Alternatively, the head 
position difference between the NH3 and Control treatments may be also because NH3 is lighter than 
air, and therefore usually increases with height above the floor (Brannigan and McQuitty, 1971). 
However, when faeces are not removed from the floor, such as on a ship, NH3 concentration decreases 
with height above the floor (Pines and Phillips, 2011), and sheep have been recorded to elevate their 
heads on a ship (Pines and Phillips, 2013).).  
 
In the feed palatability test, NH3 treatment had no effect on mastication rate of sorghum chaff, 
probably because of its texture. According to Gisel (1991), chewing time required for a particulate 
food before it can be swallowed is determined by its texture, which is quantitatively related to the 
chewing activity in ruminants (Sudweeks et al., 1981). Compared with cereals, proteinaceous 
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feedstuffs require greater effort to perform the chewing process due to their hygroscopic property 
(Solà-Oriol et al., 2009). Sorghum chaff may require less saliva to form feed boli before they can be 
swallowed, compared to alfalfa pellets, which has higher protein content (Table 1). Alternatively, the 
limited 6 min of the test and feeding motivation of sheep before daily feeding in the morning (Forbes, 
2010) might explain why NH3 treatment had no effect on the eating duration of alfalfa pellets or 
sorghum chaff.  
 
4.2. Ammonia exposure and chewing efficiency during rumination 
 
After the initial chewing during eating, rumination chewing plays a major role in reducing the feed 
particles size (> 1 mm) in the rumen to < 1 mm, which efficiency is determined by the number of 
ruminating chews (jaw movements) per min (Dellow and Barry, 1991). NH3 treatment decreased the 
efficiency of ruminating chewing indicated by a reduced daily ruminating chews and ruminating 
chewing rate, as well as a trend towards a decreased ruminating time. The declined hay DMI in NH3 
sheep may also be due to the decreased efficiency of ruminating chewing, since these two factors are 
intrinsically linked (Perazzo et al., 2016). The critical threshold size for particles to passage through 
the reticulo-omasal orifice into the omasum of sheep is 1 mm (Reid et al., 1979; Poppi et al., 1980; 
Domingue, 1989), therefore, decreased rumination efficiency in the NH3 treatment might indicate an 
increased proportion of particles > 1 mm in the rumen. This could adversely affect the clearance of 
ruminal digesta, due to the filling effect of NDF and reduced exit of small particles from the rumen 
(Ulyatt et al., 1986; Berchielli et al., 2011). Only a small percentage of particles > 1 mm leave the 
rumen and reach the faeces, < 1.5 % total faecal DM (Domingue, 1989), which, together with the 
reduction in hay DMI may explain the reduced daily defecating time in NH3 exposed sheep.  
 
4.3. Discomfort related to ammonia exposure 
 
A sense of discomfort might be developed in NH3 sheep when moving the feed around in the buccal 
cavity during chewing, due to the mucosal irritation caused by NH3 dissolved in saliva. NH3 exposure 
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prolonged the time interval between swallowing each bolus and regurgitating the next, indicating 
possible irritation of the throat (Cometto-Muniz and Cain, 1992), oral pharynx, oesophagus, and 
stomach, as in humans after imbibing liquid ammonia (Sugawa, et al., 1981). Yawning, as an 
indicator of comfort and relaxation, is a typical self-care behaviour observed frequently during rest 
periods (Wemelsfelder and Farish, 2004; Abdul Mateen et al., 2017). The decreased daily yawning 
frequency in NH3 exposed sheep might be attributed to discomfort evoked by mouth opening and 
extreme jaw movements (Sarlani et al., 2005). Similarly, decreased head rubbing time by the NH3 
treatment may be due to the discomfort associated with rubbing the cheeks against the pen furniture. 
Increased proportion of idling spent lying down and less eating while walking perhaps indicate a 
general feeling of ‘malaise’ caused by the NH3 treatment, as reported in poultry and pigs (Jones et al., 
1996, 1998, 2005).  
 
Reduced hay DMI in NH3 exposed sheep was probably not attributable to the impairment of smell 
(Jones et al., 2000) and taste, since feed intake in sheep with both taste and smell removed is similar 
to that of normal sheep (Arnold et al., 1980). However, in humans at least, the taste is inversely 
related to eating rate (Boesveldt and de Graaf, 2017), and irritation in the mouth could also cause taste 
dysfunction (Mann, 2002). Thus, further investigation on the influence of NH3 exposure in the taste of 
sheep is needed.  
 
4.4. Ammonia exposure and physiological responses 
 
Contrary to the dominant glucocorticoid/interchangeability assumption, a lack of correlation between 
corticosterone and cortisol has been recently reported in some mammalian species, which were 
traditionally classed as cortisol-dominant (Hancock, 2010; Koren et al., 2012). Taking into account 
the lag time of FCSM excretion, the elevated FCSM on day 6 in NH3 exposed sheep may be because 
corticosterone is a better index of chronic, longer term stress compared to cortisol (Koren et al., 2012; 
McCorkell et al., 2013; Gong et al., 2015). A longer incubation in the NH3 sheep’s body might be the 
other reason for increased FCSM on day 6, because of the shortened daily defecating duration, which 
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might indicate a reduced faecal output (Möstl et al., 1999). No difference in FCSM on day 3 may be 
because of the lag time between the increase of blood glucocorticoids levels and the rise of the faecal 
metabolites. This is determined by the passage rate of digesta between the bile duct and the rectum 
that was conceivably reduced because of low chewing efficiency (Palme et al., 1996; Wasser et al., 
2000). Although the elevated FCSM on day 6 in NH3 exposed sheep might be expected as a 
physiological response to the DMI reduction, no correlation between these two variables was found. 
This suggests that the reduction in feed intake was not due to stress or any lipogenic effects of the 
FCSM. In the Control treatment there was a negative correlation between DMI and FCSM, at least on 
day 6, a correlation which has also been reported in cattle previously during a 72-h fast (Mills and 
Jenny, 1979). In the cattle study, it was thought to derive from the ketogenic action of glucocorticoids, 
allowing release of free fatty acids from adipose tissue.  
 
In contrast to corticosterone, cortisol is used as a better index of acute stress (Vera et al., 2011; 
McCorkell et al., 2013; Gong et al., 2015), and does not reflect the overall stress response over a long 
period (Palme, 2012). Therefore, a lack of difference in FCM levels on either day 3 or 6 might be 
because of a reduction in blood cortisol level either returning to, or falling below baseline values at 
that time (Fordham et al., 1991; Ley et al., 1991; Fisher et al., 1997). In the light of the equivocal 
nature of the above evidence, further research is needed with more frequent sampling points 
throughout the trial phase.  
 
Respiratory rate was increased by 28% in sheep exposed to NH3, which may be rapid, shallow 
breathing to minimise irritation to the lungs (Banister et al., 1949; Matsumoto, 1989). The positive 
correlation with FCM in the NH3 treatment on day 3 suggests that the respiratory rate increase was 
associated with stress in this treatment. The rectal temperature, which was similar between the NH3 
and Control treatments, was close to the approximate mean daytime rectal temperature of sheep (39 
℃), and within the normal range of 37.5 to 40.5 ℃ (Terrill, 1968; Esmay, 1978; Mount, 1979).  
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4.5. Ammonia exposure and cognitive responses 
 
New evidence is suggesting that the CB test can differentiate between anxiety disorders and 
depression, based on animals’ responses to different ambiguous locations. Compared to the anxiety-
like state displayed by a pessimistic response to AN and M ambiguous cues, a depression-like state is 
in addition displayed by less optimistic response to AP ambiguous cues (Salmeto et al., 2011; Hymel 
and Sufka, 2012). The NH3 treatment had no effect on sheep’s response to either AP or M ambiguous 
locations, compared to the Control group. However, the faster approach of some NH3 exposed sheep 
with high FCM concentrations to the M ambiguous location may mean that they were more stressed 
and anxious, and previously researchers have suggested this connection with a decreased decision-
making time (Burman et al., 2009; Brydges et al., 2012). The failure of sheep to approach the AN 
bucket location is probably because the two negative reinforcers during training were too strong. 
Further work is needed to test the effect of NH3 exposure on cognition in sheep, particularly to 
investigate whether anxiety is induced. Latencies to respond should be measured and whether buccal 
cavity irritation might affect the responses.  
 
5. Conclusions 
This study demonstrated a measurable influence of 21 mg/m3 of NH3 exposure on sheep feed intake 
and related feeding and ruminating behaviour, with a reduced intake and lower chewing rates during 
eating and rumination. Discomfort while chewing caused by the irritation in the buccal cavity and/or 
impaired taste are speculated as the physiological mechanisms involved. Increased respiratory rate in 
NH3 exposed sheep and its correlation with faecal cortisol metabolites level on day 3 within NH3 
treatment indicated that in some sheep NH3 caused stress and increased rapid, shallow breathing, 
probably to minimise irritation to the lungs. Increased faecal corticosterone metabolites level on day 6 
in NH3 exposed sheep and its correlation with sheep’s response to the M ambiguous location within 
NH3 treatment may indicate that NH3 exposed sheep were more anxious. Further research is required 
to investigate the effects of NH3 exposure on buccal cavity health, taste sensations, and anxiety in 
sheep to understand the effects of NH3 more fully.   
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Figure 1. Timeline of the experimental procedures. (D3 and D6: faecal cortisol or corticosterone 
motabolites measurement; D3, D6 and D11: rectal temperature measurement; D1-D14 except D7 and 
D8: repiratory rate measurement; D7 and D8: general behaviour recording; D10 and D11: feed 
palatability test; D14 and D1 of the following period: cognitive bias test; D1 of periods 2 and 3: 
treatments changed after cognitive bias test).      
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Figure 2. Diagram of the cognitive bias training and test facility and positions of ambiguous buckets 
for cognitive bias testing, set up for a “left side positive” trained animal (     : Digital video 
recorder;     : Start pen;      : Steel panel frame covered with black PVC;      : Camera; *: 
Experimenter;         : Rolling door;    , P : Positive location;    , N : Negative location;     : Ambiguous 
locations).  
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Figure 3. Effect of ammonia (NH3) exposure treatment on hay DMI of sheep (n = 12) exposed to NH3 
and Control treatments during a 12-d period. Data is presented as LSmeans (±SE). *** = P < 0.001,  
** = 0.001 < P < 0.01, and * = 0.01 < P < 0.05 represent hay DMI differences between NH3 and 
Control treatments. 
** 
*** * 
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Table 1. Nutrient composition of feeds used for basic ration (hay and sheep concentrate) and 
palatability tests (sorghum chaff and alfalfa pellets) given to sheep (n = 12) in ammonia (NH3) and 
Control treatments 
Nutrient content, DM basis 
Mixed Rhodes grass 
and alfalfa hay 
Sheep 
concentrate  
Sorghum 
chaff 
Lucerne 
pellets  
ME, MJ/kg 9.20 12.0 8.40 9.50 
CP, % 15.9 21.9 7.20 20.6 
Degradable protein, % of CP 68.7  59.4  
Acid detergent insoluble CP, % 1.10  0.30  
Neutral detergent insoluble CP, 
% 4.60  2.50  
Non-fibre carbohydrates, % 26.6 39.7 18.8 24.8 
Ethanol soluble carbohydrates, 
% 8.50  5.60  
Fat, % 2.60 4.30 1.50 2.50 
Digestible DM, % 61.5  62.9  
NDF, % 48.3 22.8 66.2 41.9 
ADF, % 33.7 10.1 41.1 36.0 
TDN, % 57.8 73.0 56.1 55.8 
Starch, % 2.00 29.3 1.40 0.40 
Water soluble carbohydrates, % 10.4  9.00  
Lignin, % 6.20  4.60 10.3 
Ash, % 11.1 12.7 8.80 10.1 
DM, % 89.6 89.7 91.1 91.4 
Calcium, % 0.90  0.60 1.22 
Phosphorus, % 0.30  0.20 0.26 
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Potassium, % 2.10  1.70 1.91 
Magnesium, % 0.30  0.40 0.28 
Chlorine, % 0.90  1.40  
Sulphur, % 0.20  0.10 0.29 
Sodium, %    0.15 
Iron, ppm    532 
Zinc, ppm    30.7 
Copper, ppm    8.90 
Molybdenum, ppm    2.72 
Manganese, ppm    95.9 
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Table 2. Ethogram and behaviour definitions used for sheep (n = 12) exposed to ammonia (NH3) and 
Control treatments 
Behavioural class Behaviour Definition 
Feeding Total eating Total time prehending and chewing hay and 
concentrate feeds 
 Eating, head down  Eating with head held below shoulder height 
 Eating, head shoulder  Eating with head held at shoulder height 
 Eating, head up  Eating with head above shoulder height 
 Eating while standing Eating while standing stationary 
 Eating while walking Eating with movement of body at least half body 
length 
Drinking Drinking Time sheep spent with mouth in water bucket  
Rumination 
 
Ruminating Time spent ruminating, i.e. regurgitating a bolus and 
chewing it, including the time interval (pause) 
between swallowing one bolus and regurgitating the 
next 
 Ruminating chews Total number of jaw movements/min, when chewing 
bolus in a circular motion during ruminating 
 Pause between 
boluses 
Time interval between swallowing each bolus and 
regurgitating the next  
Body posture 
 
Total standing Total time spent in an upright position on all four 
legs without movement with or without eating and 
ruminating in any head position 
 Total walking Time spent moving in a forward motion movement 
of the body for at least a half body length, with or 
without eating and ruminating in any head position 
 Total lying  Total time lying down in sternal or lateral 
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recumbency with or without ruminating in any head 
position  
 Lying, while idling Total time lying in sternal or lateral recumbency, 
while not eating and ruminating 
 Lie down frequency Frequency of moving from one knee on the floor 
until the lying down movement was completed 
Body maintenance 
 
Defecating  Time from when sheep raised its tail and the faeces 
emerged, until cessation of the action 
 Urinating  Time from when sheep splayed its legs and urine 
emerged, until cessation of the action 
 Scratching  Scratching body or head with hind leg 
 Total rubbing  Total time of rubbing body on fence panels or face 
and neck rubbing itself or rubbing head on edge of 
feed bin or water bucket 
 Body rubbing Time of rubbing body on fence panels 
 Head rubbing Time rubbing head on edge of feed bin or water 
bucket 
Other behaviours 
 
Yawning frequency Total frequency of yawn with the mouth open, the 
head and neck extended, eyes rolled or closed, 
followed by mouth closure 
 Pawing frequency Number of times sheep used a scooping leg 
movement on the ground surface or edge of feed bin.  
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Table 3. Values of microclimatic conditions (ammonia (NH3), temperature (T) and relative humidity 
(RH)) for chambers used for Control and NH3 treatments 
 Treatment Mean SD Minimum Median Maximum 
NH3, mg/m3 Control 1.02 0.90 0.00 0.70 3.48 
 NH3 20.9 1.45 17.21 20.9 23.7 
T, ℃ Control 17.4 1.80 13.3 17.4 20.7 
 NH3 19.2 1.26 16.4 19.4 21.6 
RH, % Control 77.9 9.05 53.4 79.6 94.5 
  NH3 86.0 5.73 75.4 86.2 96.2 
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Table 4. Effect of ammonia (NH3) exposure treatment on sheep (n = 12) daily hay and water intake, 
and general behaviour (transformed and back-transformed means) on days 7 and 8 when exposed to 
NH3 and Control treatments 
Behaviour Control  NH3  SEM F value P-value 
Feeding on DM basis 
Hay DMI, kg/d 0.974 0.919 0.012 9.77 0.005 
Hay eating rate, g DM/min-1‡ 0.24 0.32 0.289 8.97 0.01 
                           g DM/min 4.17 3.13    
Total hay and pellet eating time, h/d 3.77 4.78 0.262 6.42 0.02 
Eating head down, h/d                             3.22 4.21 0.238 7.42 0.01 
                                      % of total eating 74.8 87.2 3.446 5.53 0.03 
            head level, h/d 0.23 0.24 0.013 0.23 0.64 
                                      % of total eating 10.7 5.31 1.571 5.07 0.04 
            head up, h/d 0.28 0.28 0.026 0.01 0.93 
                                      % of total eating 13.1 6.36 1.876 5.46 0.03 
Eating rate head down, g/min-1 0.20 0.28 0.016 9.67 0.01 
                                      g/min 5.00 3.57    
                   head level, g/min0 4.29 4.25 0.057 0.19 0.67 
                                      g/min 73.0 70.1    
                   head-up, g/min 88.0 72.6 13.63 0.55 0.47 
Eating while standing, % of total eating 96.0 97.8 0.594 4.12 0.06 
Eating while walking, % of total eating 3.94 1.98 0.584 4.82 0.04 
Drinking 
Water intake, L/d 3.13 3.11 0.033 0.14 0.71 
Drinking time, min/d 1.70 1.76 0.471 0.01 0.93 
Rumination 10.6 9.73 0.292 4.07 0.06 
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Ruminating, h/d 
Ruminating chews, no./d 56,069 49,847 1,415 8.27 0.01 
Ruminating chewing rate, no./min 88.1 85.7 0.603 7.17 0.01 
Pause between boluses, sec 5.83 6.75 0.177 12.03 0.002 
Body posture 
Total standing, h/d 4.62 5.60 0.281 5.25 0.03 
Total walking, min/d 13.9 13.4 0.844 0.13 0.72 
Total lying, h/d 18.4 18.1 0.171 1.65 0.21 
Lying idling, h/d 7.81 8.37 0.321 1.32 0.26 
Lying idling, % total idling 82.7 88.2 1.226 8.78 0.01 
Lying down frequency, no./d 24.2 26.9 3.555 0.24 0.63 
Body maintenance 
Defecating, min/d 1.37 0.64 0.222 4.57 0.05 
Urinating, min/d 1.77 1.43 0.253 0.75 0.40 
Scratching, sec/d 99.0 93.0 0.246 0.07 0.79 
Total rubbing, sec/d 352 218 0.901 2.63 0.12 
           body, (sec/d+1)0.25 3.17 2.59 0.310 1.54 0.23 
                         sec/d  99.5 44.1    
           head, (sec/d+1)0.21 2.68 2.13 0.170 4.33 0.05 
                         sec/d 108 35.6    
Other behaviours      
Yawning frequency, no./d 16.0 7.49 2.142 6.74 0.02 
Pawing frequency, no./d0 5.79 5.71 0.158 0.10 0.75 
                               no./d 327 302    
‡ Superscripts indicate exponents in Box-Cox transformations. 
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Table 5. Effect of ammonia (NH3) exposure treatment on sheep (n = 12) eating behaviour in a feed 
palatability test on days 10 and 11 when exposed to NH3 and Control treatments 
Variables Control  NH3  SEM F value P-value 
Lucerne pellets  
Eating duration, sec 
 
342 
 
339 
 
4.810 
 
0.12 
 
0.73 
Mastication rate, chews/sec 2.28 2.20 0.012 18.0 0.00 
Prehension biting rate, bites/sec 2.24 2.21 0.120 0.03 0.87 
Sorghum chaff  
Eating duration, sec 
 
307 
 
299 
 
13.68 
 
0.17 
 
0.68 
Mastication rate, chews/sec 2.28 2.26 0.018 0.55 0.47 
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Table 6. Effect of ammonia (NH3) exposure treatment on sheep (n = 12) faecal cortisol and 
corticosterone metabolites concentrations on days 3 and 6 and rectal temperature on days 3, 6 and 11 
when exposed to NH3 and Control treatments 
Variables Control  NH3  SEM F value P-value 
Cortisol metabolites, day 3, 1/√(ng/g) 0.087 0.080 0.003 1.63 0.21 
                                                   ng/g 123.5 156.3    
Cortisol metabolites, day 6, ng/g 146.2 157.5 16.12 0.22 0.64 
Corticosterone metabolites, day 3, ng/g 183.0 204.8 9.249 2.48 0.13 
Corticosterone metabolites, day 6, ng/g 187.2 234.8 14.81 4.63 0.04 
Respiratory rate, no./min 63.3 80.1 1.836 37.36 0.00 
Rectal temperature, ℃ 38.76 38.81 0.028 1.39 0.25 
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Table 7. Effect of ammonia (NH3) exposure treatment on sheep (n = 12) latency to approach test 
locations in a cognitive bias test on day 14 and day 1 of the following period when exposed to NH3 
and Control treatments 
 Control  NH3  SEM F value P-value 
Latency of approach to location M1, sec 77.1 85.1 6.931 0.58 0.46 
Latency of approach to location AP1, ln sec 2.91 3.01 0.261 0.06 0.81 
                                                                sec 18.4 20.3    
1 M = a centre location (1.0 m far from the positive location), AP = a partially positive location (0.5 m 
far from the positive location) 
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